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INTRODUCTION
Weldalite is a lithium-containing aluminum alloy which is being considered for aerospace applications because its favorable strength-to-weight ratio. Sucessful welding of this alloy depends on the control of the metallurgical condition and residual stresses in the heat affected zone (HAZ) and for this reason x-ray and neutron measurements of residual stress were undertaken in a study of plasma arc welded test panels of 2195 type Weldalite alloy. The alloy plate is cold-rolled and the residual stresses arising from welding distorts the test panels. While the x-ray method gives the residual stresses at the surface, the neutron method is expected to characterize the residual stresses through the thickness of the material because the neutrons readily penetrate the material. The extrapolation of the neutron results to the surface should result in biaxial residual stress results in agreement with x-ray measurements. The observed discrepancies, their causes and the resolution of differences between the x-ray and neutron results are described in this paper.
EXPERIMENTAL
The x-ray residual stresses were measured using the sin2y technique (1) assuming a biaxial stress state. The basic equation,
approximates the unstressed d-spacing (do) by the intercept value of the d-spacing versus sin2y curve. Copper Ka radiation (0.1542 nm) was used to d i h c t the (51 1,333) planes in aluminum at approximately 164" 2q. The elastic compliance used to convert strain to stress was 1.628 10-5
MPa-1 . Ten to sixteen y tilts between 0" and 45" were employed along with four degrees oscillation to minimize the oscillatory behavior commonly seen in textured material. In the neutron method (2), as in the X-ray method, difhction is used to measure the dspacing of a selected (dhkl) plane. The change in the d-spacing from a stress-free d-spacing gives the strain in the direction of the normal to the difhcting planes. The strain may be Calculated from where 40 is the stress-free Bragg angle and q is the observed Bragg angle. The gauge volume is defined by an incident beam collimator and the scattering collimator as shown in Figure 1 . The stress is calculated from the three orthogonal strain components which are assumed to be along the principal axes of the strain ellipsoid at the point of measurement in the sample. The Young's modulus, E, and the Poisson ratio, n, for the bulk are used in the following equations (1-2v) where i =1,2,3 for the three stress and s& components. For the measurement of residual stress in a welded plate, the assumption is made that the principal axes of the strain tensor are along the weld line, perpendicular to the weld line and in the plate and normal to the plate as shown in Figure 1 .
The neutron measurements were made on the HB-2 spectrometer which was modified by the addition of collimators, sample positioners, and a linear position-sensitive proportional counter. A description of the experimental details for the study of a welded plate on a similar diffractometer is given in Ref. The weld test panels were 305 mm by 610 mm by 5 mm. The base material was cold rolled 2195-T87 Weldalite alloy and the weld was made with two passes; the frrst was an autogenous weld using variable phase plasma arc process, the second a cover pass using 2319 alloy filler wire.
RESULTS AND DISCUSSION
Microstructural changes in the HAZ are indicated by the variation in diffraction peak intensity and peak breadth. In Figure 2 the neutron scattering intensity and the peak breadths for both x-ray and neutron diffraction.peaks are shown as a function of the distance f b m the weld center. The narrowing peak breadth in the HA2 is attributed to the removal of microstrains and subgrain growth during the brief recovery process which happens during welding. The two-fold intensity change in the diffraction peak, which was used to measure the normal strain component, is attributed to small changes in the very sharp texture during the same transient annealing.
The degree of texturing in the base metal was evaluated by the measurement of diffracted intensity as a function of rotation about an axis parallel to the weld line in the plate. Figure 3 shows how sharply the (311) Bragg intensity varies with rotation. There are 5 curves corresponding to different depths for the sampling point in the plate. The rotation angle corresponding to the orientation for measurement of the transverse 0 and normal (N) strain components is indicated by arrows.
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Rotation (degrees)
Sharp (3 1 1) peak intensity variation with rotation indicates a high degree of texture in the base metal of the welded plate.
The influence of texture and texture gradients on the determination of strain is demonstrated in an experiment with a small sample of the base metal in which a through-thickness scan of the Bragg peak was made. The beam collimators defined a tall thin difhcting gauge volume with the long axis parallel to the plate surface. The measurement of the intensity and peak position are shown in Figure 4 . The strain (referenced to a d-spacing near the center) appears to go compressive as the position approaches the sample surface. The observation is believed to be an alignment artifact where the gauge volume is not uniformly populated by diffracting grains. This apparent shift in strain can be calculated by determining the shift in difhcted intensity arising from the effect of displacing the center of gravity of the gauge volume off the axis of the spectrometer; both sample displacement and neutron wavelength distribution contribute to the artifact. In this case, there is a sharp change in intensity due to rapid variation in the grain texture as a function of depth in the plate. The discrepancy between x-ray and neutron residual stress measurements is shown in Figure 5 where the transverse stress is shown to be nearIy zero from the x-ray determination and is stongly compressive (-300 MPa) from the neutron determination. The normal stress is expected to be small since the plane stress condition should apply to the plate under study and clearly this is not the case for the stresses calculated from uncorrected neutron strains. A correction was applied to the calculation of stress. Specifically, a chemical lattice strain was combined with the measured strain so that the calculated noxmal stress is forced to zero. The lattice parameter change caused by variation in solute content gives an equal shift in all three strain components. The combination of the chemical lattice parameter shift with the stress-induced strain gives the appearance of a compressive strain in the HAZ. The lattice parameter change derived from the above correction scheme is converted to an effective strain (add). In Figure 6 , this strain is compared to the corresponding chemical strains obtained from the d-spacings extrapolated from the x-ray measurements made on the same test panel.
The lattice parameter change was found to be equivalent to a 1 atomic percent change in copper solute content. Near the weld center the neutron stresses are more tensile and that suggests that the residual stresses at the center of the plate are more tensile than at the surface where the x-ray measurement is made. 
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